MATHEMATICAL MODELLING OF
ENGINEERING PROBLEMS

ISSN: 2369-0739 (Print) , 2369-0747 (Online)
Vol. 3, No. 4, December 2016, pp. 157-161
DOI: https://doi.org/10.18280/mmep.030401
Licensed under CC BY-NC 4.0

A publication of IETA

Wz

http://www. iieta. org/Journals/MMEP

International Information and
Engineering Technology Association

Phenol Adsorption Property of High Specific Surface Areas Biomass Based
Porous Carbon Materials

Ling Zhang 1, Tiandong Zhang 2, Rui Gao 2, Danyu Tang 2, Jianyun Yang?2, Tianlin Fu ! and
Zhaolin Zhan v

! Faculty of Materials Science and Engineering, Kunming University of Science and Technology,
No. 68, Wenchang Road, Kunming 650093, China
2R&D Center, China Tobacco Yunnan Industrial Co., Ltd., No. 367, Hongjin Road, Kunming
650231, China

Email: zhang-874005@163.com

ABSTRACT

Porous carbon materials with high specific surface areas were prepared by a combined method of microwave
drying, carbonization and activation processes, in which Chinese herb residue was used as carbon source, and
KOH was used as activator, respectively. Scanning electron microscopy (SEM) were used to investigate the
microstructure in the formation process of mesoporous carbon materials.N2 adsorption and desorption
isotherms were employed to determine by the specific surface areas and pore analyzer. The final sorbent was
used for phenol removal .The results showed that the material had the specific surface areas and mesoporous
proportion as high as 2 079.25 m2 /g and 79.10% respectively. The saturated adsorption capacity of phenol
was 187.5 mg/g. The absorption process fit the Langmuir isotherm model well. Adsorption is mainly on the
physical adsorption of phenol on the surface of the porous carbon, and the adsorption behavior is the entropy

reduction process of heat release.
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1. INTRODUCTION

With the rapid development of industry in China, the
number and types of wastewater discharge have increased
rapidly, which have caused serious pollution to the water, so
that the health and safety of human beings can not be ignored
[1]. As one of the highly polluted wastewater, phenol -
containing wastewater is the main pollutant. The phenol is a
protoplasmic poison that can react with proteins in cells,
formation of insoluble protein material, which causes the cells
to lose its vitality, so become the highlight of the pollution is
the most phenol containing wastewater. Because the porous
carbon material has developed pore structure and large
specific surface area, and is widely used in wastewater
treatment, air pollution, solvent recovery, food purification
and extraction of precious metals and other fields [2-6].

The water treatment is the most important application of
porous carbonaceous material, the amount of which
accounted for more than 40% [7-9]. The selection of raw
materials for the porous carbon is coconut shell, walnut shell,
etc., but because of the limited raw material, it restricts its
large-scale application. China is the world’s largest producer
of traditional Chinese medicine, the annual production of
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hundreds of millions of tons of medicine. At present, most of
the domestic drug residues do landfill treatment, thus causing
serious environmental pollution. Because of loose tissue
residue, has developed pore and surface area, more conducive
to the preparation of porous carbon material. The porous
carbon prepared by the recovery of drug residue has good
porous and adsorption properties, which can not only solve
the problem of environmental pollution, but also realize the
comprehensive recycling utilization of the resource.

In this paper, the Chinese herbal medicine dregs was used
as raw materials, and the porous carbon materials with high
specific surface areas were prepared by a combined method
of microwave drying, carbonization and activation processes.
Using phenol as the object, the effect of the ratio of modifier
and carbonizing materials on the structural properties of the
porous carbon materials and the effect of the adsorption of
phenol were studied. Because of weak acid and weak polar
phenol, KOH modification was used to increase non polar
and basic features of the surface hole carbon, to improve its
effect on phenol wastewater containing phenol in selective
adsorption ability, to provide help for the effective utilization
of pore structure of the materials.




2. EXPERIMENTAL METHODS

Microwave drying of traditional Chinese medicine slag,
through the ultra fine powder crushing and sieving to obtain
850 micron particles of raw materials, put it into the 1600X —
GSL tube furnace, in the argon atmosphere to 5~20 C /min
heating rate to 380 C carbonation 2h. The use of distilled
water cleaning, then vacuum heat treatment at 90 DEG C 4h,
then the Chinese medicine residue KOH and carbonized
(alkali carbon ratio) of 3:1, 4:1, 5:1 according to the quality
of the mixture, respectively, in the tube furnace in N2
atmosphere was activated, the first is heated to 400 DEG C
were pretreated with 1H, then at 10 C / min respectively
heated to 750 degrees Celsius temperature, and thermal
insulation 1H, after cooling, then the concentration of 10%
HCI cleaning, using distilled water washing to neutral pH
value, finally at 110 DEG C, drying to constant weight, to
obtain the modified porous materials of Chinese Medicine
residue.

The samples were measured by BRUKER D8-ADVANCE
X ray diffraction phase. Surface morphology of samples was
observed by using QUANTA - TA200 scanning electron
microscope. N, adsorption-desorption isotherm of samples
under the 77K were tested by the NOVA2200e surface area
and pore size analyzer . The BET equation was used to
calculate the surface area, and the method BJH was used to
calculate the pore size distribution.

0. 1g porous carbon materials were added to the
concentration of 1, 2, 4 and 10 /L 100mL g of phenol solution
respectively shocking 24h at 25°C. At a certain time interval,
the 1 mL supernatant was removed, and the equilibrium
concentration was calculated by the method of ultraviolet
visible spectrophotometry. The value of ge (/g mg) was
calculated:

VGG
Qe =——- (1)

where V was the solution volume (L) , Co and C. were the
concentration of phenol (/L mg) , m was the quality of
activated carbon (g) , respectively.

3. RESULTS AND DISCUSSIONS
3.1 Microstructure of porous carbon materials

Microstructures of porous materials with different
carbon/KOH ratio 1:3, 1:4, and 1:5 are shown in Figure 1. It
can be seen that when the carbon base ratio is 1:3, there were
a large number of diameter 30 ~ 15 pm spherical shape, and
the distribution was more uniform (Figure 1 (a) ) . When the
amount of KOH was increased to 1:4, the chemical reaction
rate was accelerated, and then corrosion pore wall, which
appeared a large number of pore structure with a large
diameter of 10 ~ 15pm. As shown in Figure 1 (B) . When the
amount of KOH increased, the surface of the material will be
excessive corroded, with most reaming hole structure
collapse, which lead the pore structur destroyed obviously.
The large pore structure with a small size of 25 to 50 m is
activated, and the specific surface area of the material is
reduced , as shown in Figure 1 (c) . It can be seen that the
different carbon /KOH ration can make the material surface
morphology change significantly. when carbon /KOH ration
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is 1:4, which can make the material surface obtain a large
number of pore structure, high specific surface area, which
can improve the adsorption properties of the materials.

(a)

Figure 1. SEM of porous materials with different
carbon/KOH ratio (a) 1:3 (b) 1:4 (c) 1.5

3.2 Pore structure of porous carbon materials

The effects of different KOH ratios on the specific surface
area and average pore size of porous materials are shown
inTable 1. With the increasing of the proportion of KOH, the
specific surface areas increased first and then decreased, and
the specific surface areas is 2079. 25m?/g when the
carbon/KOH ratio is 1:4. This is because the activation
process of amorphous carbon was consumed firstly, and more
microporous were formed. With the increasing of the
proportion of the use of KOH, the activation of the reaction
rate was accelerated, and the specific surface areas had also
become larger. Increasing of the amount of KOH made the
expanded pore size too strong, which caused excessive
activation of ablation of herb residue and resulted in
decreasing of the surface areas. The average pore diameter of
samples of different carbon/KOH ratio (1:3, 1:4 and 1:5)
were 2. 16, 7. 78 and 9. 73nm, respectively. This indicated
that average pore size increased with the increased of the
carbon/KOH ratio. When the carbon/KOH ratio was 1:5,
excessive KOH made the microporous and mesoporous
ablated, which resulted in larger average pore size. Table 2
shows the parameters of porous structure. It is generally
considered that the pore size of microporous materials is less
than 2nm, and macroporous materials was between 2 ~ 50nm



[12]. Table 1 shows the sample mesoporous volume was 0.
87 cm? /g, and the total and large pore volume was 79. 10%,
and 1. 82%, respectively. Therefore, it is indicated that the
material was mesoporous materials.

Table 1. Effect of KOH ration on specific surface areas

sample 1:3 1:4 1.5
Sger/(m2g-l) 1305.64 2079. 25 1267.31
daverage/ nm 2.16 7.78 9.73

Table 2. Pore structure parameters of porous carbon

materials

Types of pores
Project Microporous Mesoporous Macroporous ;—grtsl
Volume
dose 0.21 0.87 0.02 1.10
(cm3/g)
content
(%) 19. 10 79.10 1.82 100

Figure 2 is N2 adsorption-desorption isotherms of porous
materials with carbon base ratio of 1:4. From the isotherms,
adsorption phenomenon appeared under P/PO less than 0. 15,
which indicated the materials surface had micropores. With
the increasing of relative pressure, the adsorption capacity of
porous materials continue to increase until the relative
pressure is 0. 95. In addition, it is found that the adsorption
curve and desorption curve are not coincident, there is a clear
adsorption desorption hysteresis loop, which shows that the
surface of the porous material contains a large number of
mesoporous structure. According to the structural parameters
of the materials, the materials is a kind of mesoporous carbon
with high specific surface areas.
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Figure 2. N, adsorption-desorption isotherm
3.3 Adsorption of phenol on porous carbon materials

3.3.1 Influence of modifier ratio

Figure 3 is the analysis of the adsorption capacity of
porous materials prepared by different KOH using the ratio of
porous materials at a concentration of 4g /L. The adsorption
properties of porous carbon materials varied with the
carbon/KOH ratio. When the carbon/KOH ratio was 1:3, the
saturated adsorption capacity of phenol on porous material
was 153. 2mg/g. When the ratio was 1:4, the maximum
saturation adsorption capacity of phenol reached 187. 5mg/g,
and the adsorption equilibrium time was prolonged to 2. 3h.
When the proportion of the use of alkali continued to
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increase, the saturation adsorption of the material on phenol
significantly reduced, which showed that the use of high
alkali was not beneficial to the adsorption of phenol. To sum
up, carbon/KOH ratio has obvious effect on adsorption of
phenol. When carbon/KOH ratio was 1:4, the material has a
large number of mesoporous structure and large surface area.
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Figure 3. phenol adsorption capacity on porous materials
prepared under different carbon /KOH ratio

3.3.2 Adsorption isotherm

Figure 4 was adsorption isotherms of porous carbon
materials on phenol. The characteristics of phenol adsorption
on porous carbon materials were analyzed by using the
Langmuir adsorption isotherm model (2) .
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where QM and B represents the monolayer adsorption
capacity and adsorption rate of porous carbon materials
respectively. Among them, QM and B were Ce /ge to Ce and
the linear slope and intercept calculated.

Adsorption isotherms of porous materials under different
carbon/KOH ratio are shown in Figure 4 . It can be seen that
the linear correlation coefficient of each isotherm was above
0. 99. The results showed that the adsorption process on
phenol with the Langmuir model. This model was applicable
to homogeneous adsorbent surface and ignored the single
molecular layer adsorption interaction between the adsorbed
molecules so that the porous material had not transfer
movement of phenol on the each adsorption site , and the
adsorption on phenol was single molecular layer adsorption.
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Figure 4. Langmuir adsorption isotherms of phenol on
porous carbon materials



Different materials on Langmuir adsorption constants of
phenol adsorption were calculated by the slope and intercept
of the different adsorption isotherms, as shown in Table 3.
The data showed that adsorption capacity on phenol of
material increased first and then decreased with the increasing
of carbon/KOH ratio. When the carbon/KOH ratio was 1:4,
the maximum adsorption material of phenol was 191.
23mg/g, which was significantly higher than that of carbon
adsorption capacity of 1:3 and 1:5. When the carbon/KOH
ratio was 1:3, material had the fastest adsorption rate of 7. 06
L/mg. Adsorption rate of phenol decreased with the
increasing of alkali ratio. As can be seen from the Table 3,
when the ratio of carbon to alkali is 1:4, the material has the
highest adsorption capacity, which further verifies that the
ratio of the porous material has better adsorption properties
for phenol. The adsorption capacity and adsorption rate were
significantly decreased when the ratio of carbon to alkali was
1:5. That is because excessive erosion of the material surface
caused by excessive amount of alkali, which result in the
specific surface areas of the material decreased significantly
and the adsorption performance of phenol significantly
reducted.

Table 3. Langmuir isotherm constants for phenol adsorption

Sample gm (Mg/g) b (L/mg) R

31 154. 68 7.06 0.998
4:1 191. 23 6.51 0.994
5:1 147.59 5.04 0. 990

3.3.3 Adsorption thermodynamics

The study of adsorption thermodynamics can obtain the
regular trend and the driving force of the adsorption process.
Therefore, it is very important to calculate the adsorption
result through the standard thermodynamic function. Based
on the thermodynamic equilibrium constant and the Gibbs
free energy, enthalpy change and entropy change, the
corresponding thermodynamic data can be calculated. The
relationships between the thermodynamic equilibrium
constant and the thermodynamic function are as follows [13]:

AG=-RTInK, (5. 10)
Cy—0C,
— (5.11)
CE
—AH = AS
Ianzﬁ + ? (5.12)

where AG is adsorption free energy (kJ mol?) , R is the gas
constan (kJ mol-*K-1) , Kc is equilibrium constant, T is the
thermodynamic temperature (K) , Coand Ce is the initial
concentration and adsorption equilibrium concentration (mg
L), AH is adsorption enthalpy (kJ mol1) , AS is entropy of
adsorption (kJ mol-tK-1) .

Removal rate of phenol at different temperatures of porous
carbon is shown in Figure 5. It can be seen that the removal
rate of phenol decreased with the increasing of temperature.
The reaction was exothermic reaction. When the temperature
was increased from 5°C to 55°C, the removal rate of phenol
decreased by 11%, which showed that the temperature had
certain effect on the adsorption of phenol. The linear fitting
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results of porous carbon adsorption were obtained by the
changes of the temperature and the relationship of the
thermodynamic equilibrium constant and the Gibbs free
energy, enthalpy change and entropy change, as shown in
Figure 6 . As can be seen from the graph, the fitting equation
is Y=882. 142X-1. 786, R2 is 0. 9427, the experimental result
and the fitting degree of the linear equation was higher.

82,

80

78

78 .
= 74 .
—
72 \
70
0 10 20 30 40 50 60
T(C)

Figure 5. Adsorption of phenol on porous carbon under
different temperature
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Figure 6. Thermodynamic fitting of porous carbon

Table 4. Thermodynamic parameters of adsorption of phenol
on porous carbon

concentration temperature AG AH AS
(/L) (K) (Kj/mol)  (kJ/mol)  (kd/mol)
278 -3.35
288 -3.04
298 -2.85
2 208 > 66 -7.334  -0.015
318 -2.62
328 -2.32

The thermodynamic parameters of adsorption of phenol on
porous carbon were listed in Table 4. Adsorption free energy
was negative in the temperature range of 5~ 55°C, which
indicated that the adsorption process was spontaneous. AG
value became large with the increasing of temperature, which
showed that increasing temperature was not beneficial to
adsorption. According to the reports, when AH was less than
20 kJ mol-1, the adsorption process was considered to be a
physical adsorption process. When AH was between 80-200
kJ mol?, the adsorption process was found to be chemical
adsorption of [14, 15]. AH was less than 20 kJ mol, which
indicated that the adsorption process of porous carbon was
physical adsorption. The adsorption behavior of porous



carbon on phenol was exothermic and entropy decreasing

process according to theAH<0, AS<0 under the concentration
of 2g/L.

4. CONCLUSIONS

(1) Porous carbon materials with high specific surface
areas were prepared by a combined method of microwave
drying, carbonization and activation processes, in which
Chinese herb residue was used as carbon source, and KOH
was used as activator, respectively. Chinese herb residues was
carbonized for 2h at 380°C . Porous carbon materials were
prepared under the carbon/KOH ratio 1:4 at 750 °Cwhich
possessed specific surface areas of 2079. 25m2/g, the
mesoporous ratio of 79. 10%.

(2) when carbon/KOH ratio was 1:3, the activation reaction
made the material surface contain some mesoporous.
Reaction speed increased with the increasing of the amount of
KOH, which resulted in the surface of the materials possessed
more pore structure. The specific surface areas was the
largest when the carbon/KOH ratio was 1:4. Continue to
increase the proportion of KOH, the microporous and
mesoporous will be excessive ablated, which resulted in
decreasing of the specific surface areas.

(3) When carbon/KOH ratio was 4:1, the saturated
adsorption capacity of the porous carbon was 187. 5 mg/g.
The linear correlation coefficient was 0. 99 of adsorption
isotherms. The adsorption process conformed to the
Langmuir model, which showed that the adsorption of porous
carbon materials on phenol was monolayer adsorption. The
adsorption of porous carbon on phenol was physical
adsorption on the surface. The adsorption behavior was
exothermic and entropy decreasing process.
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